The oxytocinergic system is highly involved in social bonding and early caregiverinfant interactions. Here, we hypothesize that oxytocin receptor (OXTR) gene genotype and parental bonding history interact in influencing social development. To address this question, we assessed adult males' arousal (heart rate changes) in response to different distress vocalizations (human female, human infant and bonobo). Region rs53576 of the OXTR gene was genotyped from buccal mucosa cell samples, and a selfreport Parental Bonding Instrument was used (which provide information about parental care or parental overprotection). A significant gene-environment interaction between OXTR genotype and parenting style was found to influence participants' social responsivity to female cry vocalizations. Specifically, a history of appropriate paternal care in participants accentuated the heightened social sensitivity determined by G/G homozygosity, while higher versus lower paternal overprotection lead to distinct levels of physiological arousal particularly in A carriers individuals. These results add to our understanding of the dynamic interplay between genetic susceptibility and early environmental experience in shaping the development of appropriate social sensitivity in males.
. In a previous study we saw an effect of the interaction between a specific single nucleotide polymorphism on the OXTR gene (rs2254298) and early social experiences in moderating adults' responses to social stimuli . However, previous researches have shown that one more single-nucleotide polymorphism (rs53576) in the OXTR gene is linked to the expression of different social behaviors, including empathy and social cognition Developmental Psychobiology. 2018;60:333-339.
wileyonlinelibrary.com/journal/dev (Park et al., 2010; Rodrigues, Saslow, Garcia, John, & Keltner, 2009; Wu, Li, & Su, 2012) . Most notably, previous studies have highlighted that the two alleles, G and A, show specific and differential influence on social development. The G allele has been associated with successful social development while the A allele has been linked to less adaptive social traits (Thompson, Parker, Hallmayer, Waugh, & Gotlib, 2011; Wu et al., 2012) . For example, individuals who are G/G homozygous for OXTR have greater dispositional empathy (Rodrigues et al., 2009; Smith, Porges, Norman, Connelly, & Decety, 2014) . In addition, G/G individuals have higher levels of overall empathy and pro-social characteristics (Rodrigues et al., 2009; Tost et al., 2010) , as well as increased autonomic arousal in response to a social stressor (Norman et al., 2012) . In contrast, the A allele has been associated both with reduced positive affect (Lucht et al., 2009 ) and reduced empathic accuracy (Rodrigues et al., 2009 ), reflective of poorer social development.
On the other hand other studies found opposite or no associations between rs53576 genotype and social traits. For example, a study from Apicella et al. (2010) found no association between the genotype in nine SNPs in the OXTR gene and individuals' performances in two economic games, the dictator and the trust game, involving real monetary rewards. Also, two recent meta-analysis (Bakermans- Kranenburg & van Ijzendoorn, 2008; Li et al., 2015) could not confirm the presence and the direction of this association. The exact role of this polymorphism in moderating social behaviors is therefore still to be fully elucidated. This uncertainty however is probably due to the moderation of participants' ethnic group and to the fact that genetic predispositions rather than being direct risk or protective factors for environmental factors may moderate individuals' sensitivity to them.
While genetics play a core biological role in development, the quality of an individual's relationship with their parents is a key experiential factor that influences individual social sensitivity to stressful situations (Sbarra & Hazan, 2008) . The natural social development and adaptive abilities of humans are highly dependent on parental attachment (Bowlby, 1999) . Indeed, sensitive parenting is a well-documented key determinant of young children's socio-emotional development with many long-lasting consequences (Sroufe, 2006) . Parental care which successfully nurtures and attends to children's physiological and emotional needs fosters a secure attachment style which eventually underpins a child's ability to regulate their emotions and cope with and adapt to stressful situations (Fraley, 2002) . Parental overprotection, on the other hand, breeds excessive dependence on parents, which may eventually compromise a child's ability to cope with stressful situations (van der Bruggen, Stams, & Bögels, 2008) . Furthermore, differences in sensitive parenting are associated with molecular genetic differences that may involve the production of oxytocin. Although oxytocinergic system activity may not be a necessary nor sufficient condition for sensitive parenting, experimental research showing that oxytocin improves 'mind reading' suggests that it may nevertheless facilitate parental sensitivity not only during periods surrounding the birth of offspring, but at any stage in the lives of parents. More broadly speaking, OXTR genotype in the investigated region was found to be generally involved in the parent-infant interactions moderating both children's and parents' attitudes, child negativity and parents' confidence specifically (Kryski, Smith, Sheikh, Singh, & Hayden, 2014 
| MATERIALS AND METHODS

| Participants
Forty-two non-parent adult males (M = 24.7 years, SD = 5.05) were recruited through a database of volunteers available through the University of Trento website. Given the evolutionary significance that cry stimuli and to avoid possible confounding effects due to females' specific responses to infant cries (De Pisapia et al., 2013; Messina et al., 2016) , only males were included in the present study. The group was ethnically homogenous and all participants had Italian nationality. To prevent external non-experimental factors from influencing heart rate, all participants were required to refrain from drinking coffee or smoking on the day of the experiment, and to refrain from performing any sports activity 24 hr before the start of the experiment. No participant was involved in agonistic sports at the time of the experiment. Informed consent was obtained from all participants and the study was conducted in accordance with the Declaration of Helsinki. The genetic assessment was conducted on anonymized biosamples at the University of Nagasaki (Japan), and followed the procedures approved by the IRB guidelines of the University of the Nagasaki Graduate School of Medicine.
| Stimuli
The stimuli consisted of 30 15-s audio clips of distressing vocalizations, including female, infant, and bonobo cries (see Figure 1 ). Cries were chosen as stimuli because of their strong social significance and because they have been found to elicit distress and specific physiological responses in adults (Messina et al., 2016) . Bonobo cries were included as control stimuli. Bonobo cries were chosen because these are nonhuman vocalization whose acoustic characteristics bear some similarities with human and because bonobos' vocal tract is similar to that of humans. Within each category, ten different clips were presented (30 stimuli = 3 type of distress vocalizations × 10 different clips). There was no significant differences (F(2,27) = .28; ns) for the mean fundamental 
| Procedure
The study was conducted in three parts. First, participants completed an on-line self-report questionnaire to assess their attachment status.
Next, in the laboratory, participants' heart rate (HR) was recorded. To measure participants' HR baseline, a gray screen with a fixation point was presented for 60 s while participants were instructed to only look at the screen and relax. Then, 30 audio clips were presented and the participants' (HR) was recorded throughout the entire stimuli presentation. The overall HR recording lasted about 13 min. Finally, a buccal mucosa for DNA analysis sample was collected from each participant.
| Attachment
The Parental Bonding Instrument (PBI; Parker, Tupling, & Brown, 1979 ) is a 50-item self-report questionnaire developed to measure the principal parental dimensions of care and overprotection. This selfreport measure gives information about perceptions of how one was parented during childhood and adolescence. Measures of "care" reflect parental attention to children's needs, while measures of 'overprotection' reflect parental protectiveness and anxiety. Both are measured on continuous scales and values range from 0-3. Within our sample, the PBI Cronbach's alpha average was .74.
| Heart rate
HR was measured to assess participants' levels of arousal and stressful or calming states using a pulse oximeter (CONTEC CMS60D) placed on participants' left index finger. An LED which emits light in two wavelengths is placed on participants' index finger. Light passes through the finger and the part of it not absorbed by the tissues is measured by a photodetector. The difference between the emitted light and the light entering the detector gives information about the type of tissues the light encountered during its path. Specifically, the two emitted wavelengths are absorbed, respectively, by oxygenated hemoglobin and deoxygenated hemoglobin. The pulse oximeter is therefore able to measure the blood volume in the finger and an increase in blood volume occurs in correspondence to each heartbeat.
The Oximeter (CONTEC CMS60D) collect measurements at 64 Hz.
Then, once per second, the device automatically calculates the frequency of heartbeat per minute. Therefore, the frequency of the device's output signal is 1 Hz (one heart rate value per second). A HR increase from baseline in response to a specific stimulus reflects an increase in attention and readiness to action, whereas a HR decrease from baseline in response to a specific external stimulus reflects a calming response (Bernston et al., 1997; Bradley, 2009) 
| Genetic assessment
DNA extraction and genotyping were conducted by ACGT, Inc.
(Wheeling, IL). DNA was extracted from each kit using the Oragene Post-hoc statistical power calculated with GPower software was adequate, being equal to .95 (Figure 2a-c) . The effect of paternal care was present only in homozygous G/G variants especially in response to female crying sounds. The higher the paternal care, the higher the HR increase (r =.36, p = 0.14). No significant main effect of paternal care was found.
| Analysis
| Paternal overprotection
A significant interaction between paternal overprotection, genotype, and vocalization type was found for HR (F(1,41) = 3.60, p < .05, d = .59). Post-hoc statistical power calculated with GPower software was acceptable, being equal to .92 (Figure 3a-c) . The effect of paternal overprotection was present only in A carriers especially in response to female crying sounds. The higher the paternal overprotection, the higher the HR decrease (r = −.28, p = 0.19). No significant main effect of paternal overprotection was found.
| Maternal care, maternal overprotection
No main effect nor significant interaction was found between maternal care, maternal overprotection, genotype, or vocalization type.
| DISCUSSION AND CONCLUSIONS
In this study, several broad results are of interest. Firstly, participants were found to respond preferentially only to the distressing vocalizations of females rather than infants or bonobos. Given that participants were males at peak mating age (M = 24.7 years), preferential responsiveness to the vocalizations of potential mating partners may represent an adaptive behavior. In addition, participants' social sensitivities were found to be more influenced by paternal than maternal caregiving style. This may be due to the male gender of the study participants, who may be preferentially emulating the adaptive behavior of their same-gender parent because of a stronger identification with him/her as suggested in the classical work of Bandura and Huston (1961)-however, further studies are warranted to fully explain this. For instance, this particular finding may arise from several factors, such as an interplay between paternal and maternal characteristics or cultural stereotypes on gender behaviors which may differentially affect the interactions (Eccles, Jacobs, & Harold, 1990; Martin, Ryan, & Brooks-Gunn, 2010) .
Further studies will need to test the presence of this directionality also in females and across cultures. Beyond broad results, several key findings are of importance to the central hypothesis. G/G homozygotes who experienced good paternal care were the only experimental group to display heightened physiological arousal to female crying. OXTR variants have previously been linked to proficiency in social processing, with G/G homozygotes displaying superior emotional identification skills (Rodrigues et al., 2009) , as well as increased autonomic arousal in response to socially distressing stimuli (Norman et al., 2012) . exposure (Truzzi, Senese, Setoh, Ripoli, & Esposito, 2016) .
It is necessary to highlight that the specific functionality of the single-nucleotide polymorphism in the region rs53576 of OXTR is still unknown and it may also be null. However the presence of relations between the genetic characteristics of this genomic region and social behaviors point towards a contribution of this region in the functionality of the OXTRs. The present results, also, highlight a certain genetic predisposition to developmental sensitivity to environmental experience, as exemplified here by G/G homozygosity increasing vulnerability to poor paternal behaviors. Interestingly, a similar genetic predisposition to higher environmental sensitivity was found in variations of the promoter region of the serotonin transporter gene 5-HTTLPR (Truzzi et al., 2017) , as well as in variations of the rs22254298 region and the same rs53576 region of OXTR Senese et al., 2016) . Together, these previous and current findings are consistent with the increasingly prevalent concept that specific alleles in certain 'plasticity genes' may confer a heightened susceptibility to both positive (constructive) and negative (destructive) early environmental experiences in youth, while different alleles may decrease this susceptibility causing individuals to be more protected to negative environmental experiences but also less receptive to positive ones (Belsky et al., 2009 ).
ACKNOWLEDGMENTS
All participants in this study are gratefully acknowledged. This research was partially supported by the Intramural Research Program of the NIH, NICHD as well as the NAP-SUG program of the Nanyang Technological University.
CONFLICTS OF INTEREST
The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflicts of interest.
ORCID
Gianluca Esposito
http://orcid.org/0000-0002-9442-0254
